We analyzed 50 cases of bicuspid aortic valve endocarditis in patients who presented to St. Thomas' Hospital from 1970 through 1998. These represented 12.3% of the 408 cases of native valve endocarditis (NVE). All patients were male, and their mean age was 39 years. Fortyfive of the 50 cases were pathologically proven; 47 were clinically definite according to the Duke criteria and 49 according to our modifications of the Duke criteria. Viridans streptococci and staphylococci accounted for 72% of cases. The prevalences of clinical features were similar to those seen in NVE: fever (temperature у38ЊC, 74%) and malaise (70%), although dyspnea was more frequent (36%). There was a high incidence of serious complications (72% heart failure; 30% periannular abscesses). Surgery was required during the initial admission in 82% of cases. Overall mortality was 14%, and surgical mortality was 9%. Few patients knew they had a "heart condition," and a bicuspid aortic valve was detected in only 35% of echocardiograms performed before surgery.
have been kept in the Department of Microbiology and constitute a large computerized database. St. Thomas' is an inner-city hospital with 900 beds that serves the local community and receives referrals from other hospitals, mainly in the southeast of England. Data were analyzed with respect to age, sex, clinical, laboratory, and echocardiographic features, predisposing procedures, complications, surgery, and mortality. Cases were analyzed on the basis of criteria proposed by Durack et al. (Duke criteria) [16] and by our proposed modifications [10] . Pathological evidence of infection (the gold standard for the criteria) was outlined in detail for all cases. Results are expressed as mean (‫ע‬SD) or as percentages. Statistical analyses were performed by use of the x 2 tests with GraphPad Prism (GraphPad Software, San Diego, CA).
Results
During the 29 years of the study period there were 510 episodes of IE, of which 408 (80%) involved native valves. Bicuspid aortic valves were found in 50 patients, representing 12.3% of native valve endocarditis (NVE) cases. All patients with bicuspid valves were male, and the mean (‫ע‬SD) age was 39 ‫)5.8ע(‬ years. Three-quarters of the patients were referred from other hospitals. Four patients acquired their infections in hospitals, and the other 46 cases were community acquired.
Causative organisms. Viridans streptococci were responsible for 42% of cases and staphylococci for 30%. Causative organisms are shown in table 1. The etiologic agent was unknown in only 1 patient, since blood for cultures was not obtained on admission. Blood cultures were negative in 6 cases: 2 patients had been given antibiotics before obtaining blood for the cultures, but the organism was identified on microscopy of the excised valve; and 4 had fastidious, intracellular organisms (Coxiella and Bartonella species).
Valves affected. All patients had congenital bicuspid aortic valves, although only 14 (less than one-third) knew they had a heart condition (not necessarily a bicuspid aortic valve). Eight patients had IE that affected both the aortic and mitral valves, and 1, an iv drug user, had IE of the aortic and tricuspid valves.
Clinical features. The mean (‫ע‬SD) duration of illness was 4.9 ‫)8.3ע(‬ weeks, excluding 3 cases with very prolonged symptoms (Lactobacillus rhamnosus, 12 months; Coxiella burnetii, 10 months, and Bartonella quintana, "months").
More than two-thirds of patients presented with moderate to high-grade fevers (37/50) and malaise (35/50) as their predominant symptom. More than one-quarter of patients had night sweats and weight loss. Dyspnea was an important feature, affecting 36% of patients. Murmurs were present in 60% of cases, although new regurgitant murmurs were present in only 38% (table 2) Predispositions. Relevant predisposing features or events were evident in 40% of patients and are presented in Eight of the 14 patients who had TEEs had had unremarkable transthoracic scans. Abscesses were detected in 1 (2%) of 46 TTEs but in 5 (36%) of 14 TEEs. Two patients had TTEs and angiograms but no TEE; in one an aortic root abscess was found, and in the other, there was a ventricular septal defect and a fistula between the aorta and the right ventricle.
Complications. There was a high incidence of serious complications, specifically heart failure and aortic root abscesses. Only 10% of patients did not have any of the clinical features outlined in table 5 .
Antibiotic therapy. The mean (‫ע‬SD) total duration of antibiotic therapy was 4 ‫)4.1ע(‬ weeks; it was 2.2 ‫)4.0ע(‬ weeks after cardiac surgery. These numbers exclude the patient with C. burnetii who received doxycycline and rifampin for 3.5 years. Ten of the 42 cases for which the duration of antibiotic therapy was known were not given any antibiotics after surgery; they were given antibiotics for 2-8 weeks before valve replacement. Eight of these 10 patients had streptococcal IE (5 had viridans streptococci, 1 group B, 1 group G, and 1 milleri) and 2 had bartonella IE. All 10 had positive blood cultures except for the 2 cases of bartonella IE. Six of the 10 excised valves were available for culture and were all culture-negative, although results of PCR assays for 2 were positive for Bartonella species. Four patients underwent surgery 16 months after their acute episode of IE.
Surgery and mortality. Surgery (aortic valve replacement with or without another procedure) was performed in 45 (90%) of the 50 patients. In all but 4 this was done during the initial Five patients did not have surgery, and 3 of them died of sepsis; 1, aged 22 years, with IE due to S. aureus, was referred with extensive intracranial hemorrhage; the second, aged 80 years, had IE due to Staphylococcus epidermidis with uncontrolled infection, and at autopsy had a cerebral infarct and an aortic root abscess. The third patient who did not have surgery died suddenly 30 days after admission; he had IE due to Streptococcus oralis, and his condition was being managed conservatively, despite persistent pyrexia and a large aortic root abscess. The only 2 patients who survived without valve replacement surgery were aged 29 and 32 years, and had endocarditis due to viridans streptococci. We do not know whether they are still alive or whether they required surgery later.
The 4 patients who died after valve surgery had S. aureus endocarditis, 1 with a methicillin-resistant S. aureus (MRSA). Two of the 4 patients died after a second operation, both from heart failure (one 6 weeks and the other 6 months after their first valve replacement). A third patient, an iv drug user, died of sepsis with multiple systemic emboli (lungs, cerebellum, spleen, and kidneys) 7 weeks after surgery; his tricuspid valve was also affected and had been excised. The fourth patient died of acute left ventricular failure after valve dehiscence.
Laboratory features. Mean (‫ע‬SD) hemoglobin levels were 11.8 ‫)85.1ע(‬ g/dL in the 42 patients for whom levels were recorded; reference values at our hospital for hemoglobin are 113 g/dL for males. Anemia was present in 86% of patients. Leukocyte counts were known for 41 patients, and the mean count was 10.7 /L. Erythrocyte sedimentation rate 9 ‫)7.5ע(‬ ϫ 10 (ESR) was determined in 32 patients and in 27 patients (84%) was high ( mm/h for those aged !60 years; ESR 1 30 ESR 1 mm/h for those aged 160 years). Mean ESR was 39 ‫)5ע(‬ 50 mm/h. C-reactive protein (CRP) levels were determined in only 12 patients (range, 18-567; mean [‫ע‬SD], 141 ‫]68ע[‬ mg/L), but the CRP was 1100 mg/L in 5. Urine microscopy, dipstick testing of urine, or culture, or all 3 were available for half of the patients. Microscopic hematuria was present in 8 of the 21 analyzable urine specimens (2 cases were excluded from analysis: one had a positive urine culture for S. aureus, and the other was from a patient with carcinoma of the bladder).
Pathology. In all but 5 of the 50 patients there was pathological evidence of IE, which is presented in table 6 .
Diagnostic criteria. When we analyzed the 50 cases according to the Duke clinical criteria, we classified 47 as definite endocarditis (94%) and 3 as possible endocarditis. Using our modifications, we classified 49 cases (98%) as definite and 1 as possible. Using both Duke criteria and our modifications, we made diagnoses based on 2 major criteria for 39 cases and 1 major and 3 minor criteria for 8 cases; but we made an additional 2 definite diagnoses according to our modifications (1 on the basis of 5 minor criteria, and the other by adding 1 minor criterion to 1 major and 2 minor). The 5 cases that were not proven pathologically we classified as definite according to the Duke criteria (2 major criteria [4] , 1 major and 3 minor criteria [1] ). We rejected no cases on the basis of the Duke criteria or our modifications.
Discussion
Congenital bicuspid aortic valves are common and in most cases remain undetected until infection or calcification supervenes. These valves may run in families in a multifactorial inheritance pattern or occasionally in an autosomal dominant one [17] . Emanuel et al. [17] studied 275 first-degree relatives of 41 propositi with bicuspid aortic valves and found a minimum family incidence of 14.6% of bicuspid aortic valves. These valves were the most common cardiac predisposition for NVE at our institution (36%). Published series of NVE in the 1960s, 1970s, and 1980s do not mention bicuspid valves [18] [19] [20] [21] , whereas Pelletier and Petersdorf [22] include isolated aortic stenosis among congenital heart diseases, and Skehan et al. [23] describe a 28% mortality associated with bicuspid aortic valve IE without giving data on absolute numbers of cases. Although reports of some series published in the 1990s do not mention bicuspid aortic valves [24] [25] [26] , most show a prevalence of 10%-16% of bicuspid aortic valves in NVE [9, [11] [12] [13] [14] , which is similar to our findings. In the series of Bayer et al., only 2 of 59 patients with NVE had bicuspid aortic valves [15] . Most (10) a For 3 case patients, results of PCR of excised valve were positive for Bartonella species; 1 case patient also had an aortic root abscess seen at surgery.
b Two case patients did not have surgery or autopsy; 2 had surgery but the excised valve was not sent to the laboratory; and 1 had a sterile valve and no other evidence of infective endocarditis at surgery.
of our patients were unaware of their condition: only 13 of 50 knew they had a "heart condition" (table 4) before their present severe infection.
Patients with bicuspid aortic valve endocarditis are young, and there is a strong male predominance among patients with bicuspid aortic valves overall, and among those with bicuspid aortic valve endocarditis in particular (72%-73%) [1-3, 5, 27-29] . It is noteworthy that all of the patients in our series were male. The mean age in adult series varies between 38 and 53 years, where it is stated, and was 39 years in our series, with 90% of our cases aged !50 years.
As in NVE in general, staphylococci (12% coagulase negative) and viridans streptococci accounted for nearly three-quarters of the cases affecting bicuspid aortic valves, but cultures of blood or excised valves from the remaining cases yielded a wide range of microorganisms. Fifteen (30%) of 50 patients had either been to the dentist in the previous 3 months or had poor dentition, and 11 of these 15 had viridans streptococcal endocarditis; the other 4 had L. rhamnosus (1), milleri streptococci (2), and group B streptococcus (1) . Dental work performed 13 months before the clinical presentation of endocarditis was not considered a predisposing procedure, since the time from the initiating procedure to overt infection is usually not more than ∼1 week, although clinical recognition may take longer. Five of the 14 patients with staphylococcal IE had a presumed portal of entry (cardiac catheterization, 2; peripheral cannulae, 2; and cut to finger, 1). One patient with Bartonella henselae endocarditis had close contact with cats and cat fleas and had several scratches.
Clinical features were similar to those described in other series of NVE in general [9] [10] [11] [12] [13] [14] [18] [19] [20] [21] [22] [23] [24] [25] [26] , with moderate-to-high grade fever and malaise predominating. New regurgitant murmurs were detected clinically in only 38% of patients. This may be a result of the high pitched quality of aortic regurgitation murmurs, which make them difficult to hear with a stethoscope. A large number of patients presented with dyspnea, probably reflecting severe acute aortic regurgitation.
A bicuspid aortic valve was detected before cardiac surgery in only 16 of the 46 patients in whom echocardiograms were performed, 7 by TEE and 9 by TTE. This is in contrast to figures mentioned in the literature. Nanda et al. [30] diagnosed 12 of 21 cases of bicuspid aortic valves (angiographically or surgically proven) on M-mode scans on the basis of an eccentricity index у1.5, whereas Radford et al. [31] detected an abnormal eccentricity index in 74% of bicuspid valves ( ). n = 31 Brandenburg et al. [32] , by using 2-dimensional echocardiography, found a diagnostic accuracy of 93% for bicuspid aortic valves, with a sensitivity of 78% and a specificity of 96%. Their report does mention, however, that these figures are arrived at after exclusion of "indeterminate cases," that is, those cases that had inadequate echo imaging or extensive valvular calcification. Our series spans a period of almost 30 years during which different echo modalities were performed. No recent echocardiography series on detection of bicuspid aortic valves are available; we believe sensitivity is likely to have improved with more modern echo imaging.
Most patients required surgery during their initial admission, often on an emergency basis; 36 (72%) of 50 had severe hemodynamic compromise and nearly one-third had valvular or myocardial abscesses. This frequent requirement for surgery is characteristic of aortic valve endocarditis, in contrast to infection that involves the mitral valve or tricuspid valves. In the St Thomas' series, only 46 (35%) of 130 cases of native mitral valve endocarditis required surgery during the initial admission and only 4 (9%) of 47 cases of native tricuspid valve endocarditis (authors' unpublished data). Because our series of cases of endocarditis spans almost 30 years, the detection of bicuspid aortic valves by echocardiography may be poor overall, and it may well be that some patients with aortic valve endocarditis who did not have surgery actually had a bicuspid valve not detected by echocardiography. The overall incidence of surgery for patients with bicuspid aortic valves was 90% (45/50) and all but 4 of these 45 patients underwent surgery during their initial admission to the hospital with endocarditis, often as an emergency procedure. In comparison, aortic valve surgery was performed on 76 (70%) of the 109 patients seen at St Thomas' from 1970 through 1999 with endocarditis of an aortic valve that was not demonstrated to be bicuspid, 64 (59%) during their initial admission with endocarditis ( , Yates' cor-P = .012 rection; authors' unpublished data). Recent surgical series show that 25%-54% of all infected aortic valves are bicuspid [29, 33, 34] . Mortality within 6 months of presentation was not insignificant in our series (14% overall and 9% for those who had surgery). Reported in-hospital mortality for aortic valve surgery as a whole varies from 5% to 21% [29, 33, 34] ; we found no data for bicuspid aortic valve surgery alone.
Surgery was performed for hemodynamic reasons in most cases, although nearly one-third of patients had paravalvular abscesses. Ten patients received only prophylactic antibiotics at surgery; no further therapy for IE was thought necessary, as culture of the excised valve was negative. The mean duration of postoperative antibiotic therapy for 42 patients was 2 weeks. There is no justification for prolonged postoperative antibiotics, particularly when the excised valve is sterile.
In summary, bicuspid aortic valves are common congenital defects, and with the virtual disappearance of rheumatic fever in the developed world are likely to become the most important intrinsic cardiac predisposition for IE. Among those with bicuspid valves, IE is severe and tends to occur in the fourth and fifth decades of life, requiring major surgery in most cases, with significant mortality. Echocardiography should be undertaken in all young adults in whom murmurs are detected, and as is suggested by Emanuel et al. [17] , possibly also in the first-and second-degree relatives of patients with known bicuspid aortic valves. The value of TEEs remains to be established. Recommendations such as avoiding exercises involving weight lifting, maintaining a normal blood pressure and relatively slow heart rate, control of cholesterol levels, and avoiding infection [35] can also be made to these patients. The detection of a bicuspid aortic valve will not only make it possible to offer antibiotic prophylaxis for IE but should also increase the index of clinical suspicion of endocarditis if such patients also have fever and malaise.
